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Abstract
Background: Cost-benefit analysis is a transparent tool to inform policy makers about the potential effect of
regulatory interventions, nevertheless its use to evaluate clean-up interventions in polluted industrial sites is limited.
The two industrial areas of Gela and Priolo in Italy were declared “at high risk of environmental crisis” in 1990.
Since then little has been done to clean the polluted sites and reduce the health outcomes attributable to
pollution exposure. This study, aims to quantify the monetary benefits resulting from clean-up interventions in the
contaminated sites of Gela and Priolo.
Methods: A damage function approach was used to estimate the number of health outcomes attributable to
industrial pollution exposure. Extensive one way analyses and probabilistic analyses were conducted to investigate
the sensitivity of results to different model assumptions.
Results: It has been estimated that, on average, 47 cases of premature death, 281 cases of cancer and 2,702 cases
of non-cancer hospital admission could be avoided each year by removing environmental exposure in these two
areas. Assuming a 20 year cessation lag and a 4% discount rate we calculate that the potential monetary benefit of
removing industrial pollution is €3,592 million in Priolo and €6,639 million in Gela.
Conclusions: Given the annual number of health outcomes attributable to pollution exposure the effective clean-
up of Gela and Priolo should be prioritised. This study suggests that clean-up policies costing up to €6,639 million
in Gela and €3,592 million in Priolo would be cost beneficial. These two amounts are notably higher than the
funds allocated thus far to clean up the two sites, €127.4 million in Gela and €774.5 million in Priolo, implying that
further economic investments - even considerable ones - could still prove cost beneficial.
Background
It is estimated that approximately one-quarter of the
global disease burden, and more than one-third of the
burden among children, is due to modifiable environ-
mental factors [1-3].
Materials, once widely used in industrial activities for
their physical qualities, have proved carcinogenic, muta-
genic and/or teratogenic for human health [4-8].
Priolo and Gela, in south-east Sicily, provide exten-
sively documented cases of toxic contaminated sites
where, due to the presence of large petrochemical indus-
trial plants and to widely diffuse environmental pollution,
several negative health effects have been observed. High
levels of many chemical compounds have been detected
in soil, water, groundwater, air sediments, fish and shell-
fish of both areas [9-13].
One recent descriptive study conducted in Gela and
Priolo by the Dipartimento Osservatorio Epidemiologico
(DOE) of the Sicilian Region showed excesses of overall
mortality, of all cancer mortality and of many cancer and
non-cancer cases when compared with regional and local
reference levels [9]. These factors cause increasing con-
cern in the local communities [14]. Nevertheless little has
been done to reduce the exposure of the local population
to pollution.
Cost-benefit analysis provides a common metric for
evaluating costs and benefits arising from a given health
policy and enables policy makers to pursue evidence-
based strategies, to allocate resources efficiently and to
prioritise the most beneficial interventions [15]. Impor-
tantly, the aim of cost-benefit analysis is not to assign a
price to environmental-related health outcomes (e.g.
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mate, in monetary terms, the net benefits for society of
averting future pollution-related health effects [16].
To date, there is a paucity of studies evaluating the
net benefit arising from the reduction of environmental
health hazards. The majority of published cost-benefit
analyses focus on quantifying the monetary health bene-
fit, and in particular the reduction in respiratory ail-
ments, through air pollution control policies [17,18]. A
few evaluations have considered other environmental-
related health outcomes, such as cancer and hospital
admission, but there have been no studies evaluating the
potential net monetary benefits of reducing industrial
pollution exposure [18-21].
This study, aims to quantify the long-term benefits
resulting from the remediation of two highly polluted
industrial sites: Gela and Priolo.
Methods
The analytical framework used to estimate the monetary
benefit arising from the remediation of these industrial
sites is the Damage Function Approach described in
Figure 1 [22].
This analytical framework combines both epidemiolo-
gical and economic data to quantify how changes in
exposure to environmental hazards affect the welfare of
society. The first part of the study describes the environ-
mental hazards present in the industrial sites of Gela
and Priolo. In the second part, the health conditions
attributable to environmental exposure are described,
and quantified using recent epidemiological data. In the
third part, monetary values are assigned to these health
outcomes in order to estimate the monetary benefit aris-
ing from a comprehensive pollution control intervention
in these industrial sites. The final part consists of per-
forming extensive sensitivity analysis to account for
parameter uncertainty.
Health hazards arising from industrial activity in Gela and
Priolo
The environmental pollution data in Gela and Priolo were
collected in the context of the Reclamation Sites of
National Interest policy. The pollution detected in Priolo
involves soils and water and results from the release of
ammonia, fluorhydric acid, chlorine, sulphur hydrogen,
mercury; from discharges of industrial waste, inside and
outside the site. Air pollution is caused by emissions of
sulphur dioxide, nitric oxide,c a r b o nd i o x i d e ,v o l a t i l e
organic compounds in the air (VOC). Groundwater is sub-
ject to depletion, withdrawal, and salinisation. Hydrocar-
bons, organic compounds and heavy metals pollution have
been detected. The analysis of pine-needles has detected
the presence of heavy metals [11]. There is also evidence
of ecological systems disturbance and food chain contami-
nation [11-13].
The groundwater inside the Gela remediation site con-
t a i n sa r s e n i c ,b e n z e n e ,1 , 2d i cloroethane, vinyl chloride,
and mercury greatly in excess of legal limits [11]. Only
temperature, turbidness, colibacteria, and iron presence
have been analysed in drinkable water, and no data are
available for other chemical compounds [11]. There are
several abnormal data: toxic compounds in the air (ben-
zene, non-metanic hydrocarbons, ozone, PM 10, VOC).
Again the analysis of pine-needles has detected the pre-
sence of heavy metals [11]. Marine sediments have been
found to be polluted by copper, arsenic, mercury and Poly-
chlorinated biphenyls, showing toxicity in ecotoxicological
analysis; fish and benthic organisms are polluted by heavy
metals. The two rivers in the Gela plain are polluted by
pesticides, copper, and zinc [11-13].
Health outcomes attributable to exposure to industrial
pollutants
Since the early 1980s, several epidemiological studies have
been conducted in Sicily to investigate the health status of
the populations living near industrial sites [23-25]. The
most recent epidemiological study conducted by the DOE
collected mortality data (from 1995 to 2002) and hospital
discharges (from 2001 to 2006), for residents in the muni-
cipalities included in the high risk areas [9]. The health
outcomes considered were: mortality from all causes, mor-
tality by specific causes (e.g. infectious disease), hospital
admission for all causes and disease specific hospital
Figure 1 Damage Function Approach.
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dardised mortality/hospitalisation ratios (SMR, SHR) were
calculated by dividing the observed cases (e.g. individuals
with lung cancer) by the expected cases. Estimates were
reported for males and females separately and adjusted by
age and socioeconomic deprivation [9].
The potential health benefits arising from a reduction
in exposure to industrial pollutants are quantified for
both Gela and Priolo, by considering the impact on total
mortality, hospital admissions for cancer and non-cancer
causes. For each of the selected health endpoints the
population disease proportion attributable to the envir-
onment - the number of health cases that would not
have occurred in the absence of the risk factor - was
estimated using the following formula:
(Observed casesab − Observed casesab/SMRab or SHRab)/n
Where: a is the health outcome, b is gender, SMR/
SHR is the Standardised Health Ratio obtained from the
epidemiological study and n is the number of years over
which epidemiological data have been collected. Upper
and lower values for each estimate are calculated using
the 95% CI of the SHR.
Economic evaluation
Monetary valuation of environmental health benefits:
methodologies and issues
Two approaches are used to assign a monetary value to
the adverse health effects in environmental cost-benefit
assessment. The cost of illness approach usually considers
the direct medical cost, third party costs and productivity
losses [26]. The second and more common approach is
the willingness to pay (WTP) approach, which measures
how much individuals are willing to pay for a reduction in
the risk of a given adverse event (e.g. reduction in the
mortality risk) [26]. Unlike the cost of illness approach,
WTP includes the evaluation of intangible costs associated
with adverse health events, for example, pain and fear, and
account for individual preferences [26].
Several issues need to be considered when assigning
monetary values to environmental health benefits. Con-
textual factors, such as individual characteristics, nature
of the health outcome and number of individuals
affected by the clean-up policy (e.g. death for cancer)
have been found to be important determinants of WTP
[27-29]. Finally, another important issue to consider in
the evaluation of the benefits of a clean-up policy is the
time lag (also referred to as the “cessation lag”) between
the clean-up policy and the onset of its related benefits.
Value of future reductions in mortality risk
An extensive literature search was conducted to find
studies evaluating the value of a statistical life (VSL) for
individuals exposed to environmental hazards. The
Italian Government have not recommended values to
use in Cost Benefit analysis of environmental health
interventions. The baseline and the upper values,
€5,800,000 and €6,300,000, selected for the analysis have
been taken from a study conducted in four Italian cities
with significant problems related to contaminated sites.
Both values reported have been inflated to 2009 prices
using the Harmonised Index of Consumer Prices [27].
The Alberini et al. study presents several novel ele-
ments. The study took into account for the first time
how the WTP for mortality risk reduction is affected by
the permanence of clean-up intervention and the size of
population affected by the intervention [27]. The upper
value used in this study was estimated assuming that
the population living in the area covered by the program
is 1 million, while the intermediate estimate is the base-
line estimate suggested by Alberini et al. [27]. The lower
estimate used, €2,100,000 is the European Commission’s
value of a statistical life (VSL) for environmental cost
benefit analysis inflated to 2009 prices [30]. It is based
upon a number of Contingent Valuation studies.
Although it adjusts for the age of victims of environ-
mental hazards it probably underestimates the VSL
because it was estimated in the context of transport
fatalities and does not consider fatalities specifically as a
consequence of environmental hazards [30].
Value of reductions in risk of future negative health
outcomes
Individual WTP might vary according to the cause of
the hospital admission (e.g. cardiac versus respiratory
hospital admission). As Pearce [31] suggests, the WTP
to avoid cancer is higher than with other types of dis-
eases because of the dread and pain effects associated
with this pathology. For this reason, in the present study
the two health end-points, cases of cancer and non can-
cer hospital admissions, are considered separately [31].
Estimates of the value of a statistical case of cancer were
retrieved from a conjoint choice analysis conducted
among 400 individuals who live in the industrial com-
plex and contaminated site of Marghera (Venice) [28].
The baseline estimate of €2,656,000 is used in the pre-
sent analysis. The upper estimate of €5,312,000 is the
value of a case of cancer for high income individuals
(annual household income more than €32,000). The
lower estimate, €1,647,000 is for those individuals living
farthest (more than 2.5 Km) from the contaminated
sites [28].
Unfortunately, no studies have been conducted to esti-
mate the WTP to reduce the risk of a hospital admis-
sion in the context of exposure to toxic pollutants. The
estimated WTP to avoid a hospital admission comes
from the ExternE Project (€9,500 inflated to 2009 prices)
[31]. Although this value is heavily dependent on US
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benefit of averting a hospital admission [31,32].
Cost of reclaiming Gela and Priolo
It is difficult to establish whether a remediation strategy
will attain the forecasted health improvements within
the planned budget. The costs of long term remediation
projects accumulate over years and effectiveness is only
observable after a long time [33]. Further, sometimes it
is not possible to identify all the sources of environmen-
tal externalities to be addressed by the intervention (e.g.
toxic waste from illegal dumping is often not visible).
Frequently the estimated cost of a regulatory interven-
tion is only the abatement expenditure (e.g. the cost per
ton of emission reduction) which, as Kopp et al. [34]
suggest is a narrow measure of the cost of regulatory
compliance.
In the case of the Italian Reclamation Sites of National
Interest, a budget is established for each intervention
plan and approved by the Ministry of the Environment.
The polluter is supposed to implement and pay for the
clean-up. If the polluter is not identified or is not acting
to reclaim the site, the closure of the process and cost
negotiation is established by means of a Memorandum
of Understanding. This is the case for Gela and Priolo
where the final cost of clean-up remains uncertain. To
date the agreed document identifies €774.5 million for
Priolo and € 127.4 million for Gela. However these esti-
mates cover only some of the interventions required
[13,35-37].
The present value of the potential monetary benefits
(PVB) arising from the clean-up of the sites was esti-
mated using the following formula:
PVB = λ ∗ Xa ∗ 1/(1+d )
l ∗ (1 − 1/(1+d )
t)/d
Where: l is the WTP to avert the health outcome (e.g.
WTP to avert a case of premature mortality),Xa is the
number of health endpoints averted by the clean-up of
Gela and Priolo industrial plants (e.g. number of non-
fatal cancers averted), t is the number of years over
which the benefits accrue, and d is the discount rate
[19].
There is uncertainty regarding the length of time over
which a clean-up intervention will display its benefit.
The permanence of clean-up depends on two elements:
the intrinsic composition of the contaminated site and
the type of remediation technology adopted. For exam-
ple, if the cheapest technology is implemented, e.g. cap-
ping the contaminated site, the benefit will last for the
shelf-life of the cap [38]. Another important element to
consider is how long it will take to observe a decline in
the number health outcomes associated with contami-
nated sites (also referred as cessation lag). The duration
o ft h ec e s s a t i o nl a gi sl i k e l yt ov a r yb yt y p eo fh e a l t h
outcome (shorter for mild adverse events such as
asthma and bronchitis, and longer for more severe
events such as cancer). A recent US study assumes that
four years after clean-up it is possible to observe a 20-
25% decline in the number of congenital anomalies [39].
There is currently uncertainty regarding the type of
clean-up technology to adopt in both sites. In order to
facilitate comparison with previous studies the period of
time over which policy benefits arise and the policy
latency in the baseline scenario are assumed to be 50
and 20 years respectively [19]. Extensive one way sensi-
tivity analyses have been performed to evaluate the
robustness of the results to these model assumptions.
Discounting plays a crucial role in determining the
future monetary benefits/costs of environmental health
interventions, especially for long-lasting health benefits
(e.g.100 years). While there is a broad consensus that
future costs and benefits should be discounted, there is
little agreement on both the discounting model and the
discount rate to use [40].
According to the discounted utility model (also known
as the constant rate or exponential model) individuals’
intertemporal preferences are time consistent [41,42].
Although this model is generally used in economic eva-
luation, studies of animal and human behaviours gener-
ally show that individual preferences are dynamically
inconsistent. Individuals tend to display higher discount
rates over short time horizons and lower discount rates
over long time horizons [39,41-45]. Such a relationship
conflicts with the discount utility model’s assumption of
a constant discount rate, and is a characteristic of
hyperbolic models. Despite the potential descriptive
relevance of hyperbolic models they have rarely been
used normatively in the evaluation of the consequences
of environmental decisions and the discounted utility
model remains the standard [40].
According to Gravelle and Smith [46], the majority of
the studies use a discount rate ranging between 3 and
5%, and usually extensive one way sensitivity analyses are
performed to assess results robustness to variation of dis-
count rate. In the present study the future health benefits
are discounted using a constant 4% discount rate as
recommended by the European Commission [30].
The final step of cost benefit analysis is the selection
of the decision rule to evaluate whether the intervention
is worth-while [47]. The information on costs and bene-
fits is combined in a single indicator the Net present
Benefit (NPB):
N P B=P V B− PVC
Where PVB is the present value of the health benefits
(averted deaths, hospital admission for cancer and non-
cancer causes) and PVC is the present value of the cost
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lean-upIf the NPB is positive the intervention is cost
beneficial otherwise the clean-up option is not deemed
socially worthwhile. NPB values can be also use to rank
the clean-up of different sites within for example the
Superfund budget and to prioritize those sites with
higher NPB values [47].
Sensitivity analysis
One-way sensitivity analyses
Environmental health benefits arising from a pollution
control policy are not marketable goods and as a conse-
quence their value is highly uncertain. Univariate deter-
ministic analyses were performed in order to estimate
the impact of uncertainty on the results.
To estimate the impact of the discount rate and to
facilitate the comparison of the study findings with
other European studies, analyses are presented using a
7% discount rate, as estimated by Alberini et al. [27]
and 2% and 4% as recommended for cost-benefit ana-
lyses by the EC [30].
It is unknown whether or not the clean-up interven-
tions that have been planned in Gela and Priolo will
produce a permanent or a temporary reduction in pollu-
tant exposure. According to Alberini et al. [27] different
types of remediation policies would lead to different
degrees of permanence of the health risk reduction. The
number of years over which the risk reductions would
be observed would be higher for permanent remediation
compared to temporary remediation (contaminant con-
tainment interventions).
It is also uncertain for how long the emissions of toxic
compounds will last if clean-up and stricter controls are
not undertaken. Improvements in the technology adopted
by the factories (for example the introduction of the
SNOx chimney stack in the Gela ENI factory) and the clo-
sure of several highly polluting industrial plants (e.g. the
closure of the Eternit factory that used to produce asbestos
and cement) suggest a decline in the emissions in the two
areas. The presence of landfills (e.g. a 8 million m2 landfill
of phosphogypsum) and the lack of ordinary maintenance
(e.g. several leakages of oil from refinery holding tanks
have been discovered) are the cause of current emissions
and they are likely to continue for a long time. Environ-
mental data collected in Gela and Priolo reveal that the
concentrations of several harmful substances exceeded the
limits established by the law. For instance, in the ground-
water of Gela arsenic concentrations reached the value of
250.000 μg/L versus the law established limit of 10 μg/L
[11]. A study conducted in Michigan found that the inges-
tion of arsenic can be fatal even at very low concentrations
[48], In the absence of further releases of this toxic sub-
stance, its concentration in the Gela groundwater will
decrease with time. But, it is uncertain how long it will
take to reach levels safe for human health.In order to
explore differences in time to failure of the remedies a one
way sensitivity analysis was performed assuming three
time frames: 10 years (for a contaminant containment
intervention), 50 years and 100 years (for permanent
remediation policies with long lasting benefits).
Probabilistic sensitivity analysis
To further explore uncertainty a probabilistic sensitivity
analysis was performed. Probability distributions were
assigned to important components of the analysis [34].
WTP estimates and cessation lags were sampled from a
gamma distribution while normal distributions were
adopted for the number of excess cases [49]. Using a
Monte Carlo simulation 10,000 samples were generated
from parameter probability distributions [50]. The costs,
the benefits and the expected net benefit were calculated
for each simulation according to the following formula:
Expected Net Beneﬁt = EB − EC
The results of the simulations were presented as a
Cost-Benefit Acceptability curve (CBAC) using standard
methodologies [51]. A CBAC shows the probability that a
reclaim policy is cost beneficial for a range of clean-up
intervention costs by plotting the proportion of simula-
tions for which the net benefit of the remediation policy
is positive for reclamation costs ranging from €127.4 to
€12,000 million in Gela and from €774.5 to €4,000 mil-
lion in Priolo. The lower bounds are the sums agreed to
date for the clean-up of the sites. The higher bounds are
t h ec o s ta tw h i c ht h ec l e a n - u ph a saz e r op r o b a b i l i t yo f
being cost beneficial. The opportunity cost and the effec-
tiveness of a clean-up policy on pollution-related health
outcomes are difficult to estimate a priori. In the case of
Gela and Priolo remediation is still at an early stage and
epidemiological evidence on the effectiveness of clean-up
interventions is not yet available. In order to account for
the uncertainty around the cost and the effectiveness of
remedial interventions in the two areas four CBACs were
constructed assuming different levels of remedial effec-
tiveness (20%, 50%, 80% and 100% of the health out-
comes will be averted). The lower is the effectiveness
(percentage of health outcomes averted) the lower is the
probability that the remedial intervention is cost benefi-
cial. When more specific epidemiological evidence is
available CBACs will allow policy makers both to gauge
the cost effectiveness of interventions and to improve
environmental site remediation through performance
based environmental management.
Results
The health outcomes attributable annually to industrial
pollution exposure in Priolo and Gela were estimated
using data from Cernigliaro et al. [9]. As shown in
Guerriero et al. Environmental Health 2011, 10:68
http://www.ehjournal.net/content/10/1/68
Page 5 of 11Table 1, a reduction in exposure to environmental pol-
lution in Priolo would avert 8 (2-11) premature deaths,
118 (85-151) -cancer related hospital admission and 692
(587-780) non cancer hospital admissions each year;
while in Gela would avert 39 (12-64) premature deaths,
163(134-192) cancer and 2,010 (1,912-2,095) non cancer
hospital admissions each year.
Assuming a 20 year cessation lag, a 4% discount rate
a n dt h a tt h eb e n e f i t sw i l ll a s t5 0y e a r st h ep o t e n t i a l
monetary benefit from abating industrial pollution in
Gela and Priolo was estimated for each health outcome
separately (Table 2).
As expected, due to the many health outcomes each
year associated with exposure to pollution the poten-
tial monetary benefit of site remediation in Gela and
Priolo is high. In Gela it ranges between €2,314 mil-
lion (the low SHR and low WTP scenario) and
€14,093 million (the high SHR and high WTP sce-
nario), with €6,601 as baseline value. In Priolo, where
the health outcomes, and in particular the number of
premature avoidable deaths are lower, the potential
monetary benefits of site remediation would be €3,592
million (3,167-3,802).
Given the predicted cost of clean-up policies in the
two areas, €774.5 million in Priolo and €127.4 million in
Gela, the potential net monetary benefits of reducing
industrial pollution exposure were estimated to be
€2,817 and €6,521 million respectively. This implies that
if the pollution control policies that have already been
identified are not effective in reducing the impact of
pollution exposure on health, it would be worth spend-
ing up to €6,521 million in Gela and €2,871 million in
Priolo on a completely effective reclamation.
One-way sensitivity analysis
Extensive one way sensitivity analyses were performed to
assess the robustness of study findings to parameter
uncertainty.
In Table 3 the net benefit of pollution control policies
are reported assuming different time horizons for the
benefits and different discount rates. Given an estimated
cost of €127.4 million of reclaiming the area, the poten-
tial benefits are always higher than the cost in Gela, while
in Priolo when benefits are discounted at a 7% discount
rate, as suggested by Alberini et al. [27] the pollution
control interventions are not cost effective if the benefits
arising from the remediation only last 10 years (Table 2).
Probabilistic sensitivity analysis
Figures 2 and 3 report the probabilistic sensitivity ana-
lyses for Gela and Priolo respectively. The interpretation
of the CBACs is straightforward. The lower the efficacy
of clean-up policies the lower is the probability of being
cost beneficial. For example, in Priolo a remedial inter-
vention with low effectiveness (preventing only 20% of
health outcomes) is unlikely to be cost effective if it
costs more than €700 million.
As expected in Gela, pollution control policies are
more likely to be cost beneficial even for high clean-up
costs. In this area, assuming that 100% of the health
outcome attributable to pollution will be averted a pol-
lution control policy costing €7,000 million has 50%
probability of being cost beneficial. In Priolo, on the
other hand, a pollution control policy costing more than
€3,000 million is unlikely to be cost beneficial even if all
the negative health outcomes attributable to industrial
pollution exposure were to be averted.
Table 1 Annual health outcomes attributable to pollution exposure in Gela and Augusta-Priolo areas
Gela Priolo
SHR(95%CI)
a Annual Cases SHR(95%CI)
a Annual Cases
Mortality
Male 106
(102-109)
23
(8-35)
110
(102-118)
8
(2-11)
Female 105
(101-109)
16
(4-29)
NS NS
Cancer hospital admissions
Male 115
(110,5-119,7)
53
(38-67)
116
(111.6-119.8)
69
(53-85)
Female 127
(122,8-131,9)
110
(96-125)
110
(106.3-114)
49
(32-66)
Non cancer hospital admissions
b
Male 121
(119-122)
909
(864-952)
107
(105.7-107.7)
413
(360-482)
Female 124
(122-125)
1,101
(1,048-1,143)
104
(103.5-105.4)
279
(227-298)
a SHR: Standard Health Ratio; b Number of hospital admission for all causes minus cancer-related hospital admissions
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Assuming the excesses of standardized mortality or hos-
pitalization ratios were attributable to environmental
pressures documented in the areas, avoidable cases were
estimated using regional health statistics [9,10]. Although
these data are currently collected and controlled through
standardized methods for epidemiological and public
health purposes some limitations should be considered
the existing studies design does not allow to assessing the
causal relationship between industrial pollution exposure
and health. However it should be noted that the propor-
tions of deaths and non-fatal cancers attributed to the
environment are comparable to those suggested by
WHO and other authors [1,3]
Using epidemiological evidence from the DOE study
this economic evaluation quantified the number of
health outcomes attributable to industrial pollution
exposure in the two areas of Priolo and Gela [9].
The present study suggests that, 47 premature deaths,
281 cancer related hospital admissions and 2,702 non-
cancer hospital admissions could be avoided each year
by removing the environmental exposure of the commu-
nities in these two areas.
Given the potential health benefits, the estimated
monetary gain of an effective pollution control policy
would be €3,592 million in Priolo and €6,639 million in
Gela. The cost of removing contamination from the two
sites is uncertain. To date, the cost of the clean-up
interventions planned by the Ministry of Environment
[35-37] are €774.5 million and €127.4 million for Priolo
and Gela respectively. If these were the true costs of
clean-up, then the net monetary benefits arising from
clean-up would be extremely high. If on the other hand,
further investments are necessary to avert pollution
related health outcomes, this study suggests that any
further intervention costing less than €2,817 million in
Priolo, and €6,521 million in Gela would be cost effec-
tive (the benefit outweighs the cost).
The study has strengths and limitations. This analysis
used only WTP estimates based on CV studies to deter-
mine the potential benefits of averting morbidity and
mortality arising from pollution control policies. WTP is
preferred to cost of illness because it takes account of
all the costs associated with a given health effect (e.g.
suffering, loss) and thus provide a better estimate of the
potential benefits [52].
A further strength of this study is that it allows for
differences in WTP for different health effects. In order
to account for the cancer premium, the benefits of
averting non fatal cancers and hospital admissions were
evaluated separately.
A further advantage of this study is that it uses probabil-
istic sensitivity analysis to address simultaneously uncer-
tainty regarding the parameters of the model. For the first
time, in the context of environmental cost benefit analysis,
this work used cost benefit acceptability curves in order to
capture the uncertainty around the estimated net benefit
and to show the probability that intervention will be cost
beneficial, given a range of clean-up policy costs and dif-
ferent degrees of effectiveness of remedial interventions.
Nevertheless, there are several limitations to the study. It
was assumed that the excess mortality, cancer and non
cancer hospitalization are attributable to the environmen-
tal pressures, that represent the main difference between
the study areas and the reference areas (not only the
whole Sicily region but also a limited number of neigh-
bouring municipalities) [9]. The absence of studies with an
analytical design that would provide better evidence of the
causal relationship between environmental pressure and
health is a limitation for the present analysis. Extensive
deterministic and probabilistic sensitivity analyses were
conducted to address this element of uncertainty.
For example, this study provides only a partial estimate
of the overall benefit obtainable with the clean-up of the
two contaminated sites in Gela and Priolo. Excess conge-
nital malformations, mainly uro-genital anomalies and
particularly hypospadias, in these areas suggest a plausible
association with exposure to documented pollutants
[53,54]. However, because there are no conclusive
Table 2 Monetary Benefits (Million€,2009 values) of site
remediation
Item Gela Priolo
All death 2,203
(247-3,933)
455
(41-676)
Cancer hospital admissions 4,248
(1,918-10,000)
3,072
(1,372-7,864)
Non cancer hospital admissions 149
(149-160)
53
(47-76)
Total benefit 6,639
(2,314-14,093)
3,592
(3,167-3,802)
Table 3 Net benefits (million €,2009 values) by time
horizon over which the benefits accrue each year.
100 year
time
50 years
time
10 year
time
Gela
7% discount factor 2,364
(1,332-3,305)
2,287
(1,285-3,193)
1,094
(591-1,562)
4% discount factor 7,403
(2,512-15,936)
6,474
(2,187-13,965)
2,365
(1,340-3,306)
2% discount factor
Priolo
13,116
(7,667-18,187)
9,529
(5,556-13,226)
2,632
(1,497-3,689)
7% discount factor 576
(417-656)
528
(378-608)
-99
(-170;-53)
4% discount factor 3,419
(2,948-3,672)
2,806
(2,393-3,027)
613
(458-697)
2% discount factor 6,602
(4,091-8,253)
4,464
(2,592-6,077)
722
(239-1,107)
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Page 8 of 11etiological studies, or studies estimating the WTP to avert
cases of congenital malformation these potential benefits
were not included.
Furthermore, the analysis excludes the potential benefits
for the ecosystem related to increased agricultural and
fishing productivity and also the increasing quality of
environmental resources such as rivers and ground waters
and the sea [52].
Finally, although results were presented separately, in
terms of average, high and low estimates, it was not pos-
sible to adjust the WTP values for characteristics of the
Gela and Priolo populations (e.g. income and education)
and by the nature of the clean-up interventions (e.g.
temporary versus permanent) [28,27].
In 1993, President Bill Clinton’s executive order 12866
established that government and private parties should
be fully informed about the costs and the benefits of
regulatory options [55]. While a significant volume of
work has evaluated the cost effectiveness of air pollution
regulations; cost effectiveness analysis has rarely been
used to prioritise contaminated sites and select clean-up
interventions [55]. As long as the true benefits of clean-
up interventions are unknown it will be impossible to
allocate efficiently the limited funds available.
Conclusions
In 1998, law 426/98 established Priolo and Gela among
the first 15 Italian sites included in the National
Reclaim Program [56]. Nevertheless, the damage
caused to the environment and the impact on human
health by industrial pollution has yet to be fully
assessed sufficient to address the complete continuum
of public health, from pollutants emission to human
exposure to disease [57].
In this situation where “facts are uncertain, values in
dispute, stakes high and decisions urgent” Funtowicz
and Ravetz [58], it is very difficult to reduce the uncer-
tainties, for example, regarding causal mechanisms in
environmental health, consequently it is necessary to
accept uncertainty and move forward. The present
study proposes a methodology for the economic eva-
luation of the health effects of environmental pollution
and can contribute a basis for the prioritisation of
interventions.
This study suggests that clean-up policies costing up
to €3,592 million in Priolo and €6,639 million in Gela
would be cost beneficial. Given the cost of the planned
clean-up interventions -€127.4 million in Gela and
€774.5 million in Priolo these results suggest that if
additional spending was required in order to eliminate
the impacts on health, as long as the total expenditure
r e q u i r e dw a sl e s st h a n€6,521 million in Gela and
€2,871 million in Priolo, reclamation would continue to
be a cost-effective investment.
List of Abbreviations
DOE: Dipartimento Osservatorio Epidemiologico; VOC: Volatile organic
compounds in the air; SMR: standard mortality ratio; SHR: standard health
ratio; VSL: value of a statistical life; PVB: present value of benefit; PVC: present
value of cost; CV: contingent valuation; CBAC: cost benefit acceptability
curve.
Acknowledgements
We would like to thank the following persons for their helpful comments on
the manuscript: Filippo Corsini and Professor Marco Frey.
Author details
1London School of Hygiene and Tropical Medicine, Department of Health
Research Services, London, UK.
2Unit of Environmental epidemiology, CNR
Institute of Clinical Physiology, Pisa, Italy.
3Unit of Environmental
epidemiology, CNR Institute of Clinical Physiology, Rome, Italy.
Authors’ contributions
All the authors contributed to the study design, data collection, and
interpretation of results and reviewing of the manuscript. CG led the design
of the research, drafted the paper and conducted the analysis. JC co-lead
the design of the economic model, data analysis and interpretation. FB and
LC contributed substantially to the draft of the paper and provided critical
inputs on the probabilistic analysis design and on the epidemiological and
environmental data interpretation. All authors read and approved the final
version of the manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 14 December 2010 Accepted: 28 July 2011
Published: 28 July 2011
References
1. Saracci R, Vineis P: Disease proportions attributable to environment.
Environ Health 2007, 6:38.
2. Prüss-Üstün A, Corvalán C: How much disease burden can be prevented
by environmental interventions? Epidemiology 2007, 18:167-78.
3. Prüss-Üstün A, Corvalán C: Preventing disease through healthy
environments. Towards an estimate of the environmental burden of
disease. Geneva: World Health Organization; 2006.
4. Rothman KJ, Greenland S: Modern epidemiology. Lippincott Williams and
Wilkins, Philadelphia;, 2 1998.
5. IARC monographs on the evaluation of carcingenic risks to humans.
[http://monographs.iarc.fr/ENG/Preamble/index.php].
6. Susser M: What is a cause and how do we know one? A grammar for
pragmatic epidemiology. Am J Epidemiol 1991, 133:635-48.
7. Howick J, Glasziou P, JK A: The evolution of evidence hierarchies: what
can Bradford Hill’s ‘guidelines for causation’ contribute? J R Soc Med
2009, 102:186-94.
8. Hill Bradford A: The environment and disease: Association or causation?
Proceedings of the Royal Society of Medicine 1965, 295-300.
9. Cernigliaro A, Pollina Addario S, Cesaroni G, Fano V, Fantaci G, Tavormina E,
Marras A, Dardanoni G, Forastiere F, Perucci C, Scondotto S: Stato di salute
nelle aree a rischio ambientale della Sicilia Aggiornamento dell analisi
della mortalità (anni 1995-2002) e dei ricoveri ospedalieri (anni 2001-
2006). O.E. Notiziario, Osservatorio epidemiologico regionale, Regione Siciliana,
supplemento monografico, luglio 2008 [http://www.doesicilia.it/default.asp?
page=158&subpage=160].
10. Cernigliaro A, Pollina Addario S, Fantaci G, Tavormina E, Dardanoni G,
Scandotto S: The experience of the Sicilian epidemiology observatory in
studying health status of population resident in Gela risk area, In
“Environment and health in Gela (Sicily): present knowledge and
Guerriero et al. Environmental Health 2011, 10:68
http://www.ehjournal.net/content/10/1/68
Page 9 of 11prospects for future studies”, Edit by Musmeci L, Bianchi F, Carere M,
Cori L. Epidemiol Prev 2009, 33(3 supp 1):159.
11. Musmeci L, Bianchi F, Carere M, Cori L: Environment and health in Gela
(Sicily): present knowledge and prospects for future studies. Epidemiol
Prev 2009, 33:7-12.
12. National Environment Agency APAT: Sito di interesse nazionale di Priolo
Gargallo. Studio per l’individuazione di potenziali correlazioni esistenti
tra la contaminazione delle aree a terra e quella dei sedimenti marini
ubicati all’interno della rada di Augusta, 2006. Research Report for the
Ministry of the Environment, and National Health Institute, Rilevamento
di metalli in aghi di pino nella cittá di Gela e nella zona di Siracusa-
Augusta, 2010, in National Health Institute, Valutazioni di impatto su
ambiente e salute e stima dei costi economici dell’inquinamento in siti
di bonifica di interesse nazionale, 2010, Research Report for the Ministry
of the Environment. 2010.
13. National Health Institute: Valutazioni di impatto su ambiente e salute e
stima dei costi economici dell’inquinamento in siti di bonifica di
interesse nazionale, 2010, Research Report for the Ministry of the
Environment. Research Report for the Ministry of the Environment 2010.
14. Cori L, Siciliano T: Communication and interaction with the community,
In “Environment and health in Gela (Sicily): present knowledge and
prospects for future studies”, Edit by Musmeci L, Bianchi F, Carere M,
Cori L. Epidemiol Prev 2009, 33(3 supp 1):159.
15. Winpenny JT: Values for the Environment. A Guide to Economic
Appraisal. 1991.
16. Arrow KJ, Cropper ML, Eads GC, Hahn RW, Lave LB, Noll RG, Portney PR,
Russell M, Schmalensee R, Smith VK, Stavins RN: Is there a role for benefit-
cost analysis in environmental, health, and safety regulation? Science
1996, 272:221-2.
17. EPA: Regulatory Impact Analysis for the proposed Federal Transport
Rule. Final National Ambient Air Quality Standard for SO2.[http://www.
epa.gov/ttnecas1/ria.html].
18. Künzli N, Kaiser R, Medina S, Studnicka M, Chanel O, Filliger P, Herry M,
Horak F, Puybonnieux-Texier V, Quénel P: Health costs due to traffic
related air pollution. Air pollution attributable cases an impact
assessment project of Austria, France and Switzerland. WHO-ministerial
Conference on Environment and Health: June 1999; London Technical report
on Epidemiology; 1999.
19. Guerriero C, Cairns J: The potential monetary benefits of reclaiming
hazardous waste sites in the Campania region: an economic evaluation.
Environ Health 2009, 8:28.
20. Wong EY, Gohlke J, Griffith WC, Farrow S, Faustman EM: Assessing the
health benefits of air pollution reduction for children. Environ Health
Perspect 2004, 112:226-32.
21. Stieb DM, De Civita P, Johnson FR, Manary MP, Anis AH, Beveridge RC, Judek S:
Economic evaluation of the benefits of reducing acute cardiorespiratory
morbidity associated with air pollution. Environ Health 2002, 1:7.
22. Review of Existing Literature on Quantifying and Valuing Human Health
Risks Associated with Low Level Exposure to PCBs. Damage Function
Approach. [http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/pcb/intro-
eng.php].
23. Tavormina E, Fano V, Cernigliaro A: Salute riproduttiva nelle aree ad
elevato rischio ambientale della Sicilia. Primi risultati. Notiziario
dell’Osservatorio Epidemiologico Regionale - Regione Siciliana 2007.
24. Franco G: Dati relativi alla sorveglianza epidemiologica delle
malfromazioni congenite nell’Ospedale di Augusta dal 1980 al 2000.
Report attività ospedaliera 2001.
25. Fano V, Cernigliaro A, Scondotto S, Sebastiano PA, Caruso S, Mira A,
Forastiere F, Perucci A: Stato di salute della popolazione residente nelle
aree ad elevato rischio ambientale e nei siti di interesse nazionale della
Sicilia.Analisi della mortalità (aa 1995-2000) e dei ricoveri ospedalieri (aa
2001-2003). D.O.E. Notiziario, Osservatorio epidemiologico regionale, Regione
Siciliana, numero monografico, luglio 2005 [http://www.doesicilia.it/default.
asp?page=158&subpage=160].
26. Gilbreath J: IOM: The economics of better environmental health. Environ
Health Perspect 2007, 15(2):A80-1.
27. Alberini A, Tonin S, Turvani M, Chiabai A: Paying for Permanence: Public
Preferences for Contaminated Site Clean-up. Fondazione Eni Enrico Mattei
2006.
28. Alberini A, Tonin S, Turvani M: The Value of Reducing Cancer Risks at
Contaminated Sites: Are More Heavily Exposed People Willing to Pay
More? Fondazione Eni Enrico Mattei 2009.
29. Cass R: Are Poor People Worth Less than Rich People?. Disaggregating
the Value of a Statistical Life. AEI-Brookings Joint Center for Regulatory
Studies Working paper 04-05, Washington, DC 2004.
30. European Commission 2001. Recommended interim values for the value
of preventing a fatality in DG Environment Cost Benefit analysis. [http://
ec.europa.eu/environment/enveco/others/pdf/
recommended_interim_values.pdf].
31. Pearce D: Valuing Risks of life and health. Towards Consistent Transfer
Estimates in the European Union and Accession States. European
Commission Workshop on Valuing Mortality and Valuing Morbidity: Nov 13
2000; Brussel 2000.
32. HICP. [http://epp.eurostat.ec.europa.eu/portal/page/portal/hicp/data/
database].
33. Improving Remedial Effectiveness at U.S. Department of Energy through
Optimization Review and Performance Basis - 8209. [http://www.frtr.gov/
pdf/improving_remed_effectiveness-4-18-08.pdf].
34. Koop JR, Krupnick AJ, Toman M: Cost-Benefit Analysis and Regulatory
Reform An Assessment of the Science and the Art. [http://www.rff.org/
documents/rff-dp-97-19.pdf].
35. Ministry of the Environment: Priolo Memorandum of Understanding
November 2008. 2008.
36. Ministry of the Environment: Administrative financial report, date 10-3-
2010, based on monitoring Report of Regione Siciliana 31.12.2009. 2009.
37. Ministry of the Environment: Elaboration from decision making technical
conferences reports. 2010.
38. Gupta S, Van Houtven G, Cropper M: Paying for permanence: an
economic analysis of EPA’s cleanup decisions at Superfund sites. RAND
Journal of Economics 1996, 27(3):563-582.
39. Currie J, Greenstone M, Moretti E: Superfund clean-up and infant health.
MIT Working Paper 2011.
40. OECD: Economic evaluation of environmental health risks to children.
OECD Publishing 2006. 2006.
41. Cairns J, Van der Pol M: Constant and decreasing timing aversion for
saving lives. Social Science for Medicine 1998, 45:1653-9.
42. Cropper ML, Laibson D: The Implications of Hyperbolic Discounting for
Project Evaluation (July 1998). World Bank Policy Research Working Paper
No 1943 1998 [http://ssrn.com/abstract = 629111].
43. Viscusi W, Huber J: “Hyperbolic Discounting of Public Goods”. Center for
Law,Economics and Business Discussion Paper Series Paper 543 2006.
44. Frederick S, Loewenstein G, O’Donoghue T: Time Discounting and Time
Preference: A Critical Review. Journal of Economic Literature 2002,
XL:351-401.
45. Laibson D: Golden eggs and hyperbolic discounting. The Quarterly Journal
of Economics 1997.
46. Gravelle H, Smith D: Discounting for Health Effects in Cost Benefit and
Cost Effectiveness Analysis. CHE Technical Paper Series 20 2000.
47. Pearce D, Atkinson G, Mourato S: Cost-Benefit Analysis and the
Environment. 2006.
48. Meliker JR, Wahl RL, Cameron LL, Nriagu JO: Arsenic in drinking water and
cerebrovascular disease, diabetes mellitus, and kidney disease in
Michigan: a standardized mortality ratio analysis. Environ Health 2007, 6:4.
49. Briggs A, Claxton K, Sculpher M: Decision Modelling for Health Economic
Evaluation Oxford Handbook in Economic Evaluation. 2008.
50. Doubilet P, Begg CB, Weinstein MC, Braun P, McNeil BJ: Probabilistic
sensitivity analysis using Monte Carlo simulation. A practical approach.
Med Decis Making 1985, 5(2):157-177.
51. Fenwick E, Byford S: A guide to cost-effectiveness acceptability curves. Br
J Psychiatry 2005, 187:106-108.
52. Steps in Conducting Benefits Analysis. [http://www.epa.gov/ttn/ecas/
econdata/Rmanual2/7.2.html].
53. Bianchi F, Bianca S, Dardanoni G, Linzalone N, Pierini A: Congenital
malformationsin newborns residing in the Municipality of Gela (Sicily,
Italy). Epidemiol Prev 2006, 30(1):19-26.
54. Bianchi F, Bianca S, Linzalone N, Madeddu A: Surveillance of congenital
malformations in Italy: an investigation in the province of Siracusa.
Epidemiol Prev 2004, 28(2):87-93.
Guerriero et al. Environmental Health 2011, 10:68
http://www.ehjournal.net/content/10/1/68
Page 10 of 1155. EXECUTIVE ORDER, 12866. [http://govinfo.library.unt.edu/npr/library/direct/
orders/2646.html].
56. La Chimera delle bonifiche. [http://www.legambiente.it/contenuti/dossier/
la-chimera-delle-bonifiche].
57. Rappaport SM, Smith MT: Epidemiology Environment and disease risks.
Science 2010, 330.
58. Funtowicz SO, Jerome R, Ravetz : A New Scientific Methodology for
Global Environmental Issues. In Ecological Economics: The Science and
Management of Sustainability. Edited by: Robert Costanza. New York:
Columbia University Press; 1999:137-152.
doi:10.1186/1476-069X-10-68
Cite this article as: Guerriero et al.: Policies to clean up toxic industrial
contaminated sites of Gela and Priolo: a cost-benefit analysis.
Environmental Health 2011 10:68.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Guerriero et al. Environmental Health 2011, 10:68
http://www.ehjournal.net/content/10/1/68
Page 11 of 11